Poisson Regression analysis is commonly used for dependent variable that has nonnegative value, called count data. Poisson Regression has an assumption that mean of dependent variable equal to its variance. On over dispersion case where the variance is greater than mean, poisson regression is inconvenient to used because it may underestimate the standard error of regression parameters and consequently giving misleading inference. Poisson-Inverse Gaussian and Negative Binomial regression model can be used on over dispersion data. This paper will discuss about Poisson-Inverse Gaussian regression model, Negative Binomial regression model and comparing them in terms of Goodness-of-fit (GOF) statistics on case study of horseshoe crabs data. According to the result, pseudo R-squared value of P-IG regression model is greater than the Negative Binomial regression model. It shows that P-IG regression model is better than Negative Binomial regression model. Keyword: P-IG regression model, negative binomial regression model, over dispersion, goodness-of-fit statistics.
Introduction
Let Y is a response variable that state the number of events of interest. The number of events always have a non-negative value, called count data. Count data is commonly modelled using a Poisson Distribution. Poisson distribution has an assumption that the mean equal to its variance. Often on count data exhibit over dispersion, hence Poisson distribution is not good to used. The Negative Binomial distribution and the Poisson-Inverse Gaussian (P-IG) distribution were proposed as analternative to Poisson distribution on over dispersion case. The Negative Binomial is a mixture of Poisson distribution and Gamma distribution while the P-IG distribution is a mixture of Poisson distribution and Inverse Gaussian distribution.
In a few studies such as insurance and medicine, the P-IG distribution has slightly longer tails than Negative Binomial distribution [1] . Hence, P-IG distribution was proposed as a good alternative for modeling an over dispersion and long-tail data than Negative Binomial distribution.
According to that, P-IG regression model is adequate to analyze a relationship between a count response data with associated covariates even on over dispersion case. The objective of this paper is to discuss about P-IG regression model Negative Binomial regression model and comparing them with case study of horseshoe crabs data.
Poisson-Inverse Gaussian (P-IG) regression model
The P-IG regression model can be written as a following equation
Basic The P-IG regression model has assumptions that the response variable follows P-IG distribution and covariates are fixed. P-IG distribution is a mixture of Poisson distribution and Inverse Gaussian distribution. Let Y|V follows Poisson distribution with mean !", where V follows an Inverse Gaussian distribution with mean equal to 1 and dispersion parameter 
where
and ! ! ! is modified Bessel function of second kind [1] . The parameters of Poisson-Inverse Gaussian distribution ! and ! are always non-negative value. Log-likelihood function is often used to obtain the maximum likelihood estimators of parameter easily. Denote !(!, !) as log-likelihood function is given by
! Partial derivatives of the log-likelihood function
The equations are nonlinear so the maximum log-likelihood equations cannot be solved explicitly. It is often use the Newton-Raphson to estimate the regression parameter. The procedure for Newton-Raphson iteration method are [2] 1. Define an initial estimation of !, ! denote (!, !) (!) 2. Define an estimation of !, ! (!) for ! = 1,2, … by following iterative equation 
Negative Binomial regression model
The Negative Binomial regression model can be written as a following equation
where ! ∶ the vector of covariates ! ∶ regression parameters associated with corresponding covariates
The Negative Binomial regression model has assumptions that the response variable follows Negative Binomial distribution and covariates are fixed. Negative Binomial distribution is a mixture of Poisson and Gamma distribution. Let Y|! is a random variable that follows Poisson distribution which is conditional on its mean !. In overdispersion case, ! is a value of other random variable ! that follows Gamma distribution. The marginal probability density function (PDF) for Y can be written as [3] 
where ! > 0 and ! > 0 are the parameters of Negative Binomial distribution. Log-likelihood function for Negative Binomial regression model is given by [2] ! !, ! = log 1 + !" − log (
Partial derivatives of the log-likelihood function
As same as P-IG model, it uses the Newton-Raphson method to estimate the regression parameter.
Case study: horseshoe crabs data

Data description
The data from Agresti [4] presents 173 observations of female horseshoe crab that for each female horseshoe crab had a male crab resident in her nest called satellites. The response variable is the number of satellites, i.e. y = 0, 1, 2, …, 15. This paper will analyze factors affecting number of satellites, such as the female crab's color, spine condition, carapace width, and weight. Table 1 shows some variables that used in this paper 
Variables
Analysis of the data
The sample mean and variance for the counts of number of satellites equals 2.92 and 9.912 respectively. The variance is larger than the mean that indicates over dispersion. Here plot of a number of satellites against P-IG distribution and Negative Binomial distribution to fit an appropriate distribution to the data. The fit of Negative Binomial and P-IG distribution are shown in figure 1 . Figure 1 shows that the P-IG distribution is more fit to the data than the Negative Binomial distribution, especially on long tail. To analyze which factors affect the response variable we use P-IG regression model. Since the P-IG regression model has an equation as same as Negative Binomial regression model, so the equation that used to modeling data is
To estimate the parameter ! ! , ! ! , ! ! , ! ! , ! ! and τ it used the Newton-Raphson algorithm on MATLAB R2015a software. The result of the optimization, i.e., log-likelihood maximization, were 
4.4.3.
Significance dispersion parameter test. The value of D statistics equals 190.6164 is greater than the value of ! ! !.!",! . So, we reject null hypothesis and it means that equidispersion is not fulfilled and the estimation of ! is greater than 0. It is summed up as over dispersion data.
4.4.4.
Comparison of Goodness-of-fit. The P-IG regression model have a greater pseudo R-squared value than the Negative Binomial regression model (0.81211088) [2] . So that the P-IG regression model is better fit than the Negative Binomial regression model to analyse the horseshoe crabs data.
Conclusions
This paper conclude that the Negative Binomial regression model and the P-IG regression model are reliable alternative for over dispersion data. Maximum likelihood method is used to estimate regression parameter in both models. Due to the nonlinear equation of log-likelihood function, Newton Raphson method is used to estimate regression parameter. According to the result of horseshoe crabs data, P-IG regression model is better than Negative Binomial regression model in case of its long-tail data. This conclusion is backed up by the result of comparison of Goodness-of-fit that shows the greater pseudo R-squared value than the Negative Binomial regression model.
